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SPLIT-GATE MEMORY DEVICE AND 
METHOD FOR ACCESSING THE SAME 

COPENDING APPLICATION 

Filed concurrently With the present application is an 
application entitled “Split Gate Memory Device And 
Method Of Making And Accessing The Same,” and having 
Ser. No. 08/876,326, now US. Pat. No. 5,824,584. 

BACKGROUND OF THE INVENTION 

The present invention relates, in general, to a memory 
device and, more particularly, to a nonvolatile memory 
device. 

An Electrically Erasable Programmable Read Only 
Memory (EEPROM) permits stored data to be retained even 
if poWer to the memory is removed. An EEPROM cell stores 
data either by storing electrical charge in an electrically 
isolated ?oating gate of a ?eld effect transistor (FET) or by 
storing electrical charge in a dielectric layer underlying a 
control gate of a PET. The stored electrical charge controls 
the threshold of the FET, thereby controlling the memory 
state of the EEPROM cell. 

Conventionally, an EEPROM cell is programmed using 
drain side hot carrier injection to inject charge carriers either 
onto a ?oating gate or into charge trapping sites in a 
dielectric layer underlying a control gate. High drain and 
gate voltages are used to speed up the programming process. 
Thus, the PET in the EEPROM cell conducts a high current 
during programming, Which is undesirable in loW voltage 
and loW poWer applications. Further, the EEPROM cell 
operates very close to breakdown during programming. 
Breakdown conditions during programming can be 

avoided by using source side carrier injection. To program 
an EEPROM cell using source side hot carrier injection, a 
select gate is formed overlying a portion of the channel 
region adjacent the source region. The select gate is elec 
trically isolated from a control gate formed adjacent the 
drain region. During programming, an electric ?eld is estab 
lished in the channel region so that charge carriers originat 
ing in the source region are accelerated across the channel 
region before being injected into a ?oating gate or a dielec 
tric layer located beloW the control gate. The select gate 
controls the channel current. Thus, programming With 
source side hot carrier injection is more poWer ef?cient than 
the conventional drain side hot carrier injection and suitable 
for loW voltage and loW poWer applications. 

Accordingly, it Would be advantageous to have a non 
volatile memory device and a method for accessing the 
nonvolatile memory device Which is poWer ef?cient and 
suitable for loW poWer applications. It is also desirable for 
the nonvolatile memory device to be simple and inexpensive 
to fabricate, and silicon area efficient. In addition, it is also 
desirable for the accessing method to be reliable and time 
ef?cient. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional vieW of a nonvolatile memory 
device in accordance With the present invention; and 

FIG. 2 is a schematic diagram of a nonvolatile memory 
device in accordance With the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Generally, the present invention provides a nonvolatile 
memory (NVM) device and a method for accessing the 
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2 
NVM device. In accordance With the present invention, the 
NVM device includes a split-gate ?eld effect transistor 
(FET) having a control gate overlying a ?rst portion of the 
channel region near the source and a select gate overlying a 
second portion of the channel region near the drain. When 
programming the NVM device, charge carriers of a ?rst 
polarity such as, for example, electrons are accelerated in the 
second portion of the channel region under the select gate 
and then injected into a dielectric layer underlying the 
control gate. In a preferred embodiment of the present 
invention, the dielectric layer underlying the control gate is 
comprised of a bottom dielectric layer, e.g., a bottom silicon 
dioxide layer, over the ?rst portion of the channel region, a 
top dielectric layer, e.g., a top silicon dioxide layer, under the 
control gate, and a silicon nitride layer therebetWeen. The 
silicon nitride layer contains charge trapping sites formed 
therein. The NVM device is erased by injecting charge 
carriers of a second polarity such as, for example, holes from 
the channel region into the silicon nitride layer. When 
reading data from the NVM device, a reading voltage is 
applied to the drain adjacent the select gate. Data is then read 
from the NVM device by sensing a current ?oWing in a bit 
line coupled to the drain of the FET. 

FIG. 1 is a cross-sectional vieW of a split-gate memory 
device, such as an NVM cell 10, in accordance With the 
present invention. NVM cell 10 is formed on a body of 
semiconductor material such as a semiconductor substrate 
11 having a major surface 12. By Way of example, semi 
conductor substrate 11 is a silicon substrate of p conductivity 
type. As described hereinafter, NVM cell 10 is both electri 
cally programmable and erasable. Therefore, NVM cell 10 
is also referred to as an Electrically Erasable Programmable 
Read Only Memory (EEPROM) cell. 
A select gate structure 15 includes a dielectric layer 14 

overlying substrate 11 and a select gate 16 over dielectric 
layer 14. Select gate 16 has sideWalls 17 and 18 opposite to 
each other. By Way of example, dielectric layer 14 is a 
thermally groWn silicon dioxide layer having a thickness 
betWeen approximately 3 nanometers (nm) and approxi 
mately 30 nm, and select gate 16 is formed by depositing and 
patterning a conductive layer over dielectric layer 14. 
Preferably, the conductive layer is a polycrystalline silicon 
layer having a thickness betWeen, for example, approxi 
mately 150 nm and approximately 300 nm and is deposited 
over dielectric layer 14 using a chemical vapor deposition 
process. Further, select gate 16 is preferably doped With ions 
of an n conductivity type e.g., phosphorus or arsenic ions, 
either during the chemical vapor deposition process or 
during a subsequent doping step. 
Adrain region 22 is aligned With sideWall 17 of select gate 

16. By Way of example, a self-aligned ion implantation 
process Which implants ions of n conductivity type such as, 
for example, phosphorus or arsenic ions into substrate 11 is 
used to form drain region 22. Preferably, the ion implanta 
tion process is performed through a pad dielectric layer 
overlying major surface 12 of substrate 11. The pad dielec 
tric layer can be dielectric layer 14, a sacri?cial oxide layer 
(not shoWn), or the like. 
A dielectric layer such as, for example, a silicon dioxide 

layer 23 overlies portions of major surface 12 adjacent 
sideWalls 17 and 18 of select gate 16. Preferably, silicon 
dioxide layer 23 has a thickness betWeen, for example, 
approximately 5 nm and approximately 15 nm and is formed 
using a thermal oxidation process or a deposition process. 
The thermal oxidation process also oxidiZes select gate 16 
along sideWalls 17 and 18, and therefore, silicon dioxide 
layer 23 is also formed along sideWalls 17 and 18. In one 
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embodiment, portions of dielectric layer 14 unprotected by 
select gate 16 are etched away before forming silicon 
dioxide layer 23 on major surface 12. In another 
embodiment, silicon dioxide layer 23 is formed on the 
portions of dielectric layer 14 unprotected by select gate 16. 
A silicon nitride layer 24 having a thickness betWeen, for 
example, approximately 5 nm and approximately 15 nm 
overlies silicon dioxide layer 23 and is preferably formed 
using a chemical vapor deposition process. Another dielec 
tric layer such as, for example, a silicon dioxide layer 28 
having a thickness betWeen approximately 5 nm and 
approximately 15 nm overlies silicon nitride layer 24. Sili 
con dioxide layer 28 can be formed using a deposition 
process or a thermal oxidation process. 

Silicon dioxide layer 23, silicon nitride layer 24, and 
silicon dioxide layer 28 form an oxide-nitride-oxide (ONO) 
stack 25, Which is also referred to as a dielectric stack. In 
ONO stack 25, silicon dioxide layer 23 is referred to as a 
bottom dielectric layer and silicon dioxide layer 28 is 
referred to as a top dielectric layer. When programming 
NVM cell 10, charge carriers, e.g., electrons, are injected 
into ONO stack 25 and trapped in charge trapping sites 
formed in silicon nitride layer 24. In order for NVM cell 10 
to have a good data retention rate, bottom dielectric layer 23 
and top dielectric layer 28 are preferably thick. Further, the 
defects in dielectric layers 23 and 28 are preferably mini 
miZed. It should be understood that the chemical composi 
tion of silicon nitride layer 24 is not limited to being Si3N4. 
For example, silicon nitride layer 24 can be a silicon rich 
nitride layer that has a chemical composition represented by 
formula SixNy, Wherein a ratio of x to y is higher than 3 to 
4. 

Acontrol gate 32 overlies ONO stack 25. Control gate 32 
has a sideWall 31 adjacent select gate 16 and a sideWall 33 
opposite to sideWall 31. By Way of example, control gate 32 
is formed by depositing and patterning a conductive layer 
over ONO stack 25. Preferably, the conductive layer is a 
polycrystalline silicon layer having a thickness betWeen, for 
example, approximately 200 nm and approximately 300 nm 
and is deposited over ONO stack 25 using a chemical vapor 
deposition process. In other Words, control gate 32 is pref 
erably formed as a polycrystalline silicon sideWall spacer 
adjacent select gate 16. Further, control gate 32 is preferably 
doped With ions of n conductivity type, e.g., phosphorus or 
arsenic ions, either during the chemical vapor deposition 
process or during a subsequent doping step. It should be 
noted that the process of forming control gate 32 also forms 
a polycrystalline silicon sideWall spacer (not shoWn) along 
sideWall 17 of select gate 16. HoWever, the polycrystalline 
silicon sideWall spacer along sideWall 17 of select gate 16 
does not participate in the operation of NVM cell 10. In one 
embodiment, it is removed in a subsequent etching step, 
resulting in NVM cell 10 as shoWn in FIG. 1. In another 
embodiment (not shoWn), it is coupled to a reference voltage 
level, e.g., a ground voltage level, during the operation of 
accessing NVM cell 10. 

Dielectric spacers such as, for example, nitride spacers 34 
and 35 are formed along sideWall 33 of control gate 32 and 
along sideWall 17 of select gate 16, respectively. Preferably, 
nitride spacer 34 covers control gate 32. A source region 36 
is aligned With nitride spacer 34. By Way of example, a 
self-aligned ion implantation process Which implants ions of 
n conductivity type such as, for example, phosphorus or 
arsenic ions into substrate 11 is used to form source region 
36. Source region 36 and drain region 22 de?ne a channel 
region 38 therebetWeen. In other Words, channel region 38 
separates source region 36 from drain region 22. A ?rst 
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4 
portion of channel region 38 is under ONO stack 25 and 
control gate 32, and a second portion of channel region 38 
is under select gate structure 15. It should be understood that 
nitride spacers 34 and 35 are optional in NVM cell 10. In an 
alternative embodiment in Which NVM cell 10 does not 
include nitride spacers 34 and 35, source region 36 is aligned 
With sideWall 33 of control gate 32. 

It should be noted that the processes of forming ONO 
stack 25 over major surface 12 also form an ONO stack on 
top of select gate 16 (not shoWn). The ONO stack on top of 
select gate 16 and portions of ONO stack 25 (not shoWn) on 
major surface 12 and unprotected by nitride spacers 34 and 
35 are removed in an etching process. 
A silicide structure 42 overlies select gate 16 and func 

tions as a select gate electrode of NVM cell 10. LikeWise, a 
silicide structure 44 overlies source region 36 and functions 
as a source electrode of NVM cell 10. In addition, a silicide 
structure 46 overlies drain region 22 and functions as a drain 
electrode of NVM cell 10. Silicide structures 42, 44, and 46 
are aligned With nitride spacers 34 and 35. Thus, they are 
also referred to as self-aligned silicide (salicide) structures. 
Silicide structures 42, 44, and 46 reduce the parasitic resis 
tance in NVM cell 10 and, therefore, improve the perfor 
mance of NVM cell 10. HoWever, it should be noted that 
silicide structures 42, 44, and 46 are optional features in 
NVM cell 10. 

After forming silicide structures 42, 44, and 46, an 
insulating layer (not shoWn) is formed over substrate 11 and 
planariZed. MetalliZation regions (not shoWn) are formed in 
the insulating layer and electrically coupled to control gate 
32, select gate electrode 42, source electrode 44, and drain 
electrode 46. 

Although FIG. 1 shoWs that control gate 32 is formed as 
a sideWall spacer adjacent select gate 16, this is not intended 
as a limitation of the present invention. In an alternative 
embodiment of the present invention, a polycrystalline sili 
con select gate is formed as a sideWall spacer along a 
polycrystalline silicon control gate. In this embodiment, a 
?rst polycrystalline silicon layer is patterned over ONO 
stack 25 to de?ne the control gate. The portions of ONO 
stack 25 that are not overlain by the control gate are etched 
aWay. Dielectric layer 14 is disposed on major surface 12. 
An ion implantation is performed to form source region 36 
aligned With the control gate. A second polycrystalline 
silicon layer is deposited on dielectric layer 14 and patterned 
to form the select gate as a sideWall spacer of the control 
gate. Another ion implantation is performed to form drain 
region 22 aligned With the select gate. 
As described hereinbefore, NVM cell 10 is an n-channel 

split-gate FET fabricated in p conductivity type substrate 11. 
HoWever, this is not a limitation of the present invention. In 
an alternative embodiment, NVM cell 10 is a p-channel 
split-gate FET fabricated in an n conductivity type semi 
conductor substrate. In another alternative embodiment, 
NVM cell 10 is an n-channel split-gate FET fabricated in a 
Well of p conductivity type formed in an n conductivity type 
semiconductor substrate. In yet another alternative 
embodiment, NVM cell 10 is a p-channel split-gate FET 
fabricated in a Well of n conductivity type formed in a p 
conductivity type semiconductor substrate. 

Accessing NVM cell 10 of FIG. 1 includes three parts: 
programming NVM cell 10, erasing NVM cell 10, and 
reading data from NVM cell 10. These are achieved through 
biasing select gate 16, control gate 32, source region 36, and 
drain region 22 of NVM cell 10 to selected voltages. 

To electrically program NVM cell 10, a programming 
drain voltage such as, for example, a ground voltage is 
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applied to drain region 22. A programming select gate 
voltage that is higher than the programming drain voltage by 
at least a threshold voltage of the portion of channel region 
38 under select gate structure 15 is applied to select gate 16. 
A programming source voltage that is higher than the 
programming drain voltage is applied to source region 36. 
Further, a programming control gate voltage that is higher 
than the programming source voltage is applied to control 
gate 32. By Way of example, the programming select gate 
voltage is betWeen approximately one volt and approxi 
mately tWo volts, the programming source voltage is 
betWeen approximately three volts and approximately ?ve 
volts, and the programming control gate voltage is betWeen 
approximately eight volts and approximately ten volts. 

Because source region 36 is at a higher voltage level than 
drain region 22, n-channel split gate FET 10 operates in a 
reverse active mode. In other Words, source region 36 
functions as a drain of PET 10 and drain region 22 functions 
as a source of PET 10 during the programming process. 
Further, select gate 16 is at a voltage level higher than the 
voltage level of drain region 22 by at least a threshold 
voltage of the portion of channel region 38 under select gate 
structure 15. Thus the portion of channel region 38 under 
select gate structure 15 is sWitched on and conductive. 
Negative charge carriers, e.g., electrons, originate from 
drain region 22 and are accelerated through the portion of 
channel region 38 betWeen select gate structure 15 and 
control gate 32. When they reach the portion of channel 
region 38 adj acent source region 36 and under control gate 
32, the charge carriers are attracted by the high voltage at 
control gate 32. In a hot carrier injection process, the charge 
carriers are injected across oxide layer 23 and trapped in a 
portion of silicon nitride layer 24 adjacent sideWall 31 of 
control gate 32. As the negative charge carriers, e.g., 
electrons, move from channel region 38 into silicon nitride 
layer 24, a threshold voltage of the portion of channel region 
38 under control gate 32 increases. Thus, the current ?oWing 
through channel region 38 decreases and so does the rate of 
hot carrier injection. After the programming voltages are 
removed from NVM cell 10, the injected carriers remain 
trapped in silicon nitride layer 24. A ?rst logic value, e.g., a 
logic one, is stored in NVM cell 10, i.e., NVM cell 10 is 
programmed. 

During the programming process, current ?oWing in 
channel region 38 is limited by the programming select gate 
voltage level applied to select gate 16. Preferably, the 
programming select gate voltage is slightly above the thresh 
old voltage of the portion of channel region 38 under select 
gate 16, thereby minimiZing the current ?oWing in channel 
region 38. Thus, the process for programming NVM cell 10 
is poWer efficient and suitable for loW voltage and loW poWer 
applications. 

To electrically erase NVM cell 10, an erasing source 
voltage is applied to source region 36, and an erasing control 
gate voltage that is loWer than the erasing source voltage is 
applied to control gate 32. By Way of example, the erasing 
source voltage is betWeen approximately ?ve volts and 
approximately seven volts, and the erasing control gate 
voltage is betWeen approximately —11 volts and approxi 
mately —9 volts. Select gate 16 and drain region 22 do not 
participate in the erasing process, and they can be either 
coupled to a reference voltage level, e.g., ground voltage 
level, or ?oating. In an alternative embodiment of erasing 
NVM cell 10, an erasing select gate voltage is applied to 
select gate 16 and an erasing drain voltage is applied to drain 
region 22, Wherein the erasing select gate voltage is loWer 
than the erasing drain voltage. By Way of example, the 
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6 
erasing select gate voltage is betWeen approximately —3 
volts and approximately —0.5 volt, and the erasing drain 
voltage is ground voltage. Because select gate 16 is at a 
loWer voltage level than drain region 22, the portion of 
channel region 38 under select gate 16 is ensured to be 
nonconductive. In another alternative embodiment of eras 
ing NVM cell 10, a positive voltage, e.g., a voltage betWeen 
approximately tWo volts and approximately ?ve volts, is 
applied to drain region 20 to prevent an inadvertent charge 
carrier injection form drain region 22 to channel region 38. 

Because of a high voltage difference betWeen source 
region 36 and control gate 32, e.g., ranging from approxi 
mately fourteen volts to approximately eighteen volts, a 
strong electric ?eld is established in the portion of channel 
region 38 under control gate 32. Through a band to band 
tunneling process, the strong electric ?eld generates 
electron-hole pairs in a portion of channel region 38 adjacent 
source region 36. The holes, Which are positive charge 
carriers, are attracted by the negative voltage at control gate 
32. In a hot carrier injection process, the holes are injected 
across oxide layer 23 into silicon nitride layer 24 of ONO 
stack 25, Where they combine With the electrons in silicon 
nitride layer 24. Preferably, the erasing process continues 
until silicon nitride layer 24 become substantially electri 
cally neutral or positively charged. After the erasing voltages 
are removed from NVM cell 10, silicon nitride layer 24 
remain substantially neutral or positively charged. In either 
case, a second logic value, e.g., a logic Zero, is stored in 
NVM cell 10, i.e., NVM cell 10 is erased. 

During the erasing process, the charges stored in the 
charge trapping sites in silicon nitride layer 24 are neutral 
iZed by charges of opposite polarity injected from channel 
region 38. Compared With the erasing process in Which the 
charges in charge trapping sites move to a control gate in a 
FoWler-Nordheim tunneling process through a dielectric 
layer betWeen the charge trapping sites and the control gate, 
the erasing process of the present invention alloWs a thick 
top dielectric layer 28 in ONO stack 25, thereby improving 
the data retention of NVM cell 10. 

To read data from NVM cell 10, a reading source voltage 
such as, for example, ground voltage is applied to source 
region 36. Areading control gate voltage that is substantially 
equal to or higher than the reading source voltage is applied 
to control gate 32. Areading select gate voltage that is higher 
than the reading source voltage by at least a threshold 
voltage of the portion of channel region 38 under select gate 
structure 15 is applied to select gate 16. Thus, the portion of 
channel region 38 under select gate structure 15 is sWitched 
on and conductive. A reading drain voltage that is higher 
than the reading source voltage is applied to drain region 22. 
By Way of example, the reading control gate voltage is 
betWeen approximately one volt and approximately tWo 
volts, the reading drain voltage is betWeen approximately 
one volts and approximately tWo volt, and select gate 16 is 
coupled to a supply voltage, VDD. By Way of example, the 
supply voltage VDD ranges betWeen approximately three 
volts and approximately ?ve volts. In loW poWer 
applications, the supply voltage VDD usually ranges 
betWeen, for example, approximately 0.9 volt and approxi 
mately 1.8 volts. 

If NVM cell 10 has been programmed, the silicon nitride 
layer 24 under control gate 32 is negatively charged. The 
portion of channel region 38 under control gate 32 has a 
threshold voltage that is higher than its intrinsic threshold 
voltage When the silicon nitride layer 24 under control gate 
32 is substantially neutral. If NVM cell 10 has been erased, 
the silicon nitride layer 24 under control gate 32 is substan 
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tially neutral or positively charged. The portion of channel 
region 38 under control gate 32 has a threshold voltage that 
is substantially equal to or loWer than its intrinsic threshold 
voltage. The reading control gate voltage is preferably loWer 
than the threshold voltage of the portion of channel region 
38 under control gate 32 if NVM cell 10 has been pro 
grammed. In addition, the reading control gate voltage is 
preferably higher than the threshold voltage of the portion of 
channel region 38 under control gate 32 if NVM cell 10 has 
been erased. Therefore, When reading data from a pro 
grammed NVM cell 10, channel region 38 is nonconductive 
and the current ?oWing therethrough is small, e.g., equal to 
or less than approximately 2 micro-amperes A sense 
ampli?er (not shoWn) coupled to drain region 22 via a bit 
line (not shoWn in FIG. 1) senses the small current and reads 
the ?rst logic value, e.g., logic one, from NVM cell 10. On 
the other hand, When reading data from an erased NVM cell 
10, channel region 38 is conductive and the current ?oWing 
therethrough is large, e.g., equal to or greater than approXi 
mately 10 MA. The sense ampli?er (not shoWn) coupled to 
drain region 22 senses the large current and reads the second 
logic value, logic Zero, from NVM cell 10. 

During the reading process, source region 36 is at a loWer 
voltage level than drain region 22. The voltage drop across 
the portion of channel region 38 under control gate 32 is 
small. Thus, the probability of charge carriers being inad 
vertently injected from channel region 38 into silicon nitride 
layer 24 is small. In other Words, the disturbance to the data 
stored in NVM cell 10 during the reading process is small. 
In accordance With the present invention, the sense ampli?er 
(not shoWn) is coupled to drain region 22 via a bit line (not 
shoWn in FIG. 1) and drain region 22 is separated from 
silicon nitride layer 24 by select gate structure 15. Therefore, 
the capacitance of a parasitic bit line capacitor is substan 
tially independent of the charges in silicon nitride layer 24. 
In other Words, the data dependence of the parasitic bit line 
capacitance is small in NVM cell 10. An NVM cell, such as 
NVM cell 10, having a small data dependence of the bit line 
capacitance is suitable for high performance applications. 

FIG. 2 is a schematic diagram of a split-gate NVM device 
50 in accordance With the present invention. NVM device 50 
is fabricated in a semiconductor substrate (not shoWn in FIG. 
2) and includes an array of split-gate FETs arranged in roWs 
and columns. The split-gate FETs function as memory cells 
in NVM device 50. Each split-gate FET in the array includes 
a source region, a drain region, and a channel region 
separating the source region from the channel region. A 
select gate structure overlies a portion of the channel region 
adjacent the drain region. A dielectric stack overlies another 
portion of the channel region adjacent the source region. A 
control gate is disposed on the dielectric stack and electri 
cally insulated from the select gate. A split-gate FET in the 
array stores one bit of data. Therefore, a split-gate FET in the 
array is also referred to as a bit cell in NVM device 50. 
Preferably, the split-gate FETs in NVM device 50 are 
structurally identical to split-gate NVM cell 10 shoWn in 
FIG. 1. FIG. 2 shoWs siXteen bit cells arranged in four roWs 
and four columns. HoWever, this is not a limitation of the 
present invention. In accordance With the present invention, 
NVM device 50 may include an array of bit cells arranged 
in any number of roWs and any number of columns. 
NVM device 50 is accessed through source lines 52 and 

54, select lines 61, 62, 63, and 64, control lines 71, 72, 73, 
and 74, and bit lines 81, 82, 83, and 84. The bit cells in NVM 
device 50 are addressed by their positions, e.g., their roW 
numbers and column numbers, in the array. In the ?rst roW, 
bit cells 110, 120, 130, and 140 are positioned in the ?rst, 
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second, third, and fourth columns, respectively. In the sec 
ond roW, bit cells 210, 220, 230, and 240 are positioned in 
the ?rst, second, third, and fourth columns, respectively. In 
the third roW, bit cells 310, 320, 330, and 340 are positioned 
in the ?rst, second, third, and fourth columns, respectively. 
In the fourth roW, bit cells 410, 420, 430, and 440 are 
positioned in the ?rst, second, third, and fourth columns, 
respectively. 

Source line 52 is connected to sources 112, 122, 132, and 
142 of bit cells 110, 120, 130, and 140, respectively, of the 
?rst roW. Source line 52 is also connected to sources 212, 
222, 232, and 242 of bit cells 210, 220, 230, and 240, 
respectively, of the second roW. Source line 54 is connected 
to sources 312, 322, 332, and 342 of bit cells 310, 320, 330, 
and 340, respectively, of the third roW. Source line 54 is also 
connected to sources 412, 422, 432, and 442 of bit cells 410, 
420, 430, and 440, respectively, of the fourth roW. In 
accordance With the present invention, the bit cells having 
their sources coupled to the same source line are erased 

together and, therefore, form an erasing block. Thus, NVM 
device 50 includes tWo erasing blocks, one comprised of the 
bit cells in the ?rst and second roWs, and the other comprised 
of the bit cells in the third and fourth roWs. 

Select line 61 is connected to select gates 115, 125, 135, 
and 145 of bit cells 110, 120, 130, and 140, respectively, of 
the ?rst roW. Select line 62 is connected to select gates 215, 
225, 235, and 245 of bit cells 210, 220, 230, and 240, 
respectively, of the second roW. Select line 63 is connected 
to select gates 315, 325, 335, and 345 of bit cells 310, 320, 
330, and 340, respectively, of the third roW. Select line 64 is 
connected to select gates 415, 425, 435, and 445 of bit cells 
410, 420, 430, and 440, respectively, of the fourth roW. 

Control line 71 is connected to control gates 116, 126, 
136, and 146 of bit cells 110, 120, 130, and 140, 
respectively, of the ?rst roW. Control line 72 is connected to 
control gates 216, 226, 236, and 246 of bit cells 210, 220, 
230, and 240, respectively, of the second roW. Control line 
73 is connected to control gates 316, 326, 336, and 346 of 
bit cells 310, 320, 330, and 340, respectively, of the third 
roW. Control line 74 is connected to control gates 416, 426, 
436, and 446 of bit cells 410, 420, 430, and 440, 
respectively, of the fourth roW. 

Bit line 81 is connected to drains 114, 214, 314, and 414 
of bit cells 110, 210, 310, and 410, respectively, of the ?rst 
column. Bit line 82 is connected to drains 124, 224, 324, and 
424 of bit cells 120, 220, 320, and 420, respectively, of the 
second column. Bit line 83 is connected to drains 134, 234, 
334, and 434 of bit cells 130, 230, 330, and 430, 
respectively, of the third column. Bit line 84 is connected to 
drains 144, 244, 344, and 444 of bit cells 140, 240, 340, and 
440, respectively, of the fourth column. 

It should be understood that the bit cells in NVM device 
50 are not limited to being coupled as described hereinbe 
fore. For example, source line 52 and source line 54 can be 
coupled to each other. In other Words, the sources of the bit 
cells in the ?rst second, third, and fourth roWs in the array 
can all be coupled to the same source line. Thus, NVM 
device 50 has an erasing block comprised of the bit cell in 
the ?rst, second, third, and fourth roWs. Further, control lines 
71 and 72 can be coupled to each other, and control lines 73 
and 74 can be coupled to each other. Thus, the bit cells in the 
?rst and second roWs share a control line, and the bit cells 
in the third and fourth roWs share a control line. 

Each bit cell in NVM device 50 can be individually 
electrically programmed. Data stored in each bit cell can 
also be individually read by sensing a current ?oWing in bit 
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line 81, 82, 83, or 84. Further, the bit cells in an erasing 
block share a common source line and can be electrically 
erased together. Therefore, NVM device 50 is also referred 
to as a ?ash EEPROM device. 

To electrically program bit cells, e.g., bit cells 110 and 
120, in NVM device 50, a source programming voltage 
betWeen, for example, approximately three volts and 
approximately ?ve volts is applied to source line 52. A ?rst 
select programming voltage betWeen, for example, approxi 
mately one volt and approximately tWo volts is applied to 
select line 61. Because the bit cells in the second, third, and 
fourth roWs do not participate in the process of programming 
bit cells 110 and 120, they are sWitched off by applying a 
second select programming voltage, e.g., ground voltage, to 
select lines 62, 63, and 64. A control programming voltage 
betWeen, for example, approximately eight volts and 
approximately ten volts is applied to control line 71. 
Preferably, the control programming voltage is set to be 
higher than the source programming voltage and higher than 
the ?rst select programming voltage. A?rst bit programming 
voltage, e.g., the supply voltage VDD, is applied to bit lines 
83 and 84. Preferably, a difference betWeen the ?rst bit 
programming voltage applied to bit lines 83 and 84 and the 
?rst select programming voltage applied to select line 61 is 
loWer than the threshold voltages of the portions of the 
channel regions under select gates 135 and 145 of bit cells 
130 and 140, respectively. A second bit programming 
voltage, e.g., ground voltage, is applied to bit lines 81 and 
82. Therefore, bit cells 110 and 120 are sWitched on and 
operate in a reverse active mode. In other Words, sources 112 
and 122 function as the drains of bit cells 110 and 120, 
respectively, and drains 114 and 124 function as the sources 
of bit cells 110 and 120, respectively, during the program 
ming process. Negative charge carriers, e.g., electrons, origi 
nate from drains 114 and 124 of bit cells 110 and 120, 
respectively, and are accelerated through the channel region 
betWeen select gate 115 and control gate 116 of bit cell 110 
and through the channel region betWeen select gate 125 and 
control gate 126 of bit cell 120. When they reach the 
portions of the channel regions under control gates 116 and 
126 of bit cells 110 and 120, respectively, the charge carriers 
are attracted by the high voltage at control gates 116 and 
126. In a hot carrier injection process, the charge carriers are 
injected into charge trapping sites in the dielectric stack 
under control gates 116 and 126. As the negative charge 
carriers, e.g., electrons, are injected into the charge trapping 
sites under control gates 116 and 126, the threshold voltages 
of the portions of the channel regions under control gates 
116 and 126 increase. Thus, the currents ?oWing through bit 
cells 110 and 120 decrease and so do the rates of hot carrier 
injection. After the programming voltages are removed from 
NVM device 50, the injected carriers remain in the charge 
trapping sites under control gates 116 and 126. A ?rst logic 
value, e.g., a logic one, is stored in bit cells 110 and 120, i.e., 
bit cells 110 and 120 are programmed. 

To electrically erase the bit cells, e.g., the bit cells in the 
?rst and second roWs, of NVM device 50, a source erasing 
voltage is applied to source line 52, and a control erasing 
voltage is applied to control lines 71 and 72. By Way of 
example, a positive voltage ranging from approximately ?ve 
volts to approximately seven volts is selected as the source 
erasing voltage, and a negative voltage ranging from —11 
volts to approximately —9 volts is selected as the control 
erasing voltage. Source line 54, select lines 63 and 64, and 
control lines 73 and 74 are coupled to ground voltage level. 
In one embodiment, select lines 61 and 62 and bit lines 81, 
82, 83, and 84 are coupled to ground voltage level. In an 
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10 
alternative embodiment, select lines 61 and 62 and bit lines 
81, 82, 83, and 84 ?oating. In another alternative 
embodiment, a select erasing voltage, e.g., a voltage 
betWeen approximately —3 volts and approximately —0.5 
volt, is applied select lines 61 and 62, and a bit erasing 
voltage, e.g., ground voltage, is applied to bit lines 81, 82, 
83, and 84. Because the select gates of the bit cells in the ?rst 
roW and the second roW are at a loWer voltage level that their 
respective drains, the channel regions of the bit cells in the 
?rst roW and the second roWs are ensured to be sWitched off. 
In yet another alternative embodiment, a bit erasing voltage, 
e.g., a voltage betWeen approximately tWo volts and 
approximately ?ve volts, is applied bit lines 81, 82, 83, and 
84 to avoid inadvertent charge carrier injections form the 
drains to the channel regions of the bit cells in the ?rst roW 
and the second roW. 

Because of a high voltage difference betWeen the sources 
and the control gates of the bit cells in the ?rst and second 
roWs, e.g., ranging from approximately fourteen volts to 
approximately eighteen volts, strong electric ?elds are estab 
lished under control gates near the sources of the bit cells in 
the ?rst and second roWs. Through band to band tunneling, 
the strong electric ?elds generate electron-hole pairs in the 
portions of the channel regions under the control gates. The 
holes, Which are positive charge carriers, are attracted by the 
negative voltage at the control gates. In a hot carrier injec 
tion process, the holes are injected into the charge trapping 
sites in the dielectric stacks under the respective control 
gates. The injected holes combine With the electrons in the 
charge trapping sites of the bit cells in the ?rst and second 
roWs. Preferably, the erasing process continues until the 
charge trapping sites of the bit cells in the ?rst and second 
roWs become substantially electrically neutral. The charge 
trapping sites may also become positively charged in an 
over-erasing process. After the erasing voltages are removed 
from NVM device 50, the charge trapping sites of the bit 
cells in the ?rst and second roWs remain substantially neutral 
or positively charged. In either case, a second logic value, 
e.g., a logic Zero, is stored in bit cells 110, 120, 130, 140, 
210, 220, 230, and 240, i.e., the bit cells in the ?rst and 
second roWs in NVM device 50 are erased. 

To read data from bit cells, e.g., bit cells 430 and 440, of 
NVM device 50, a ?rst select reading voltage is applied to 
the select line 64. By Way of example, the ?rst select reading 
voltage is the supply voltage VDD. Acontrol reading voltage 
betWeen, for example, approximately one volt and approxi 
mately tWo volts is applied to control line 74. Because the 
bit cells in the ?rst, second, and third roWs do not participate 
in the process of reading data from bit cells 430 and 440, 
they are preferably sWitched off by applying a second select 
reading voltage, e.g., ground voltage, to select lines 61, 62, 
63, and 64. A source reading voltage, e.g., ground voltage, 
is applied to source lines 52 and 54. A ?rst bit reading 
voltage betWeen approximately one volt and approximately 
tWo volts is applied to bit lines 83 and 84. A second bit 
reading voltage, e.g., ground voltage, is applied to bit lines 
81 and 82. Preferably, the second bit reading voltage applied 
to bit lines 81 and 82 is substantially equal to the source 
reading voltage applied to source lines 52 and 54. Thus, the 
currents ?oWing in bit cells 410 and 420 are substantially 
Zero during the process of reading data from bit cells 430 
and 440. The control reading voltage applied to control line 
74 is preferably at least as high as source reading voltage 
applied to source line 54. The ?rst select reading voltage 
applied to select line 64 is preferably higher than the source 
reading voltage applied to source line 54 by at least the 
threshold voltages of the portions of the channel regions 
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under select gates 435 and 445 of bit cells 430 and 440, 
respectively. The second select reading voltage applied to 
select lines 61, 62, and 63 is preferably loWer than the sum 
of a threshold voltage of a portion of a channel region under 
a select gate of a bit cell in the ?rst, second, or third roW and 
the source reading voltage applied to source lines 52 and 54. 

If bit cell 430 has been programmed, the charge trapping 
sites under control gate 436 are negatively charged. The 
portion of the channel region under control gate 436 has a 
threshold voltage that is higher than its intrinsic threshold 
voltage When the charge trapping sites are substantially 
neutral. If bit cell 430 has been erased, the charge trapping 
sites under control gate 436 are substantially neutral or 
positively charged. The portion of the channel region under 
control gate 436 has a threshold voltage that is substantially 
equal to or loWer than its intrinsic threshold voltage. 
Preferably, the control reading voltage applied to control line 
74 is loWer than the threshold voltage of the portion of the 
channel region under control gate 436 if bit cell 430 has been 
programmed and higher than the threshold voltage of the 
portion of the channel region under control gate 436 if bit 
cell 430 has been erased. Therefore, When reading data from 
a programmed bit cell 430, the channel region of bit cell 430 
is nonconductive and the current ?oWing therethrough is 
small, e. g., equal to or less than approximately 2 MA. Asense 
ampli?er (not shoWn) coupled to bit line 83 senses the small 
current and reads the ?rst logic value, e.g., logic one, from 
bit cell 430. On the other hand, When reading data from an 
erased bit cell 430, the channel region of bit cell 430 is 
conductive and the current ?oWing therethrough is large, 
e.g., equal to or greater than approximately 10 MA. The sense 
ampli?er (not shoWn) coupled to bit line 83 senses the large 
current and reads the second logic value, logic Zero, from bit 
cell 430. 

If bit cell 440 has been programmed, the charge trapping 
sites under control gate 446 are negatively charged. The 
portion of the channel region under control gate 446 has a 
threshold voltage that is higher than its intrinsic threshold 
voltage When the charge trapping sites are substantially 
neutral. If bit cell 440 has been erased, the charge trapping 
sites under control gate 446 are substantially neutral or 
positively charged. The portion of the channel region under 
control gate 446 has a threshold voltage that is substantially 
equal to or loWer than its intrinsic threshold voltage. 
Preferably, the control reading voltage applied to control line 
74 is loWer than the threshold voltage of the portion of the 
channel region under control gate 446 if bit cell 440 has been 
programmed and higher than the threshold voltage of the 
portion of the channel region under control gate 446 if bit 
cell 440 has been erased. Therefore, When reading data from 
a programmed bit cell 440, the channel region of bit cell 440 
is nonconductive and the current ?oWing therethrough is 
small, e. g., equal to or less than approximately 2 MA. Asense 
ampli?er (not shoWn) coupled to bit line 84 senses the small 
current and reads the ?rst logic value, e.g., logic one, from 
bit cell 440. On the other hand, When reading data from an 
erased bit cell 440, the channel region of bit cell 440 is 
conductive and the current ?oWing therethrough is large, 
e.g., equal to or greater than approximately 10 MA. The sense 
ampli?er (not shoWn) coupled to bit line 84 senses the large 
current and reads the second logic value, logic Zero, from bit 
cell 440. 

During the process of reading data from bit cells 430 and 
440, sources 432 and 442 are at a loWer voltage level than 
drains 434 and 444, respectively. The voltage drops across 
the portions of the channel regions under control gates 436 
and 446 are small. Thus, the probability of charge carriers 
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being inadvertently injected from the channel regions into 
the charge trapping sites is small. In addition, the channel 
regions Which separate the drains from the charge trapping 
sites in the bit cells in the ?rst, second, and third roWs are 
sWitched off by the second select reading voltage applied to 
select lines 61, 62, and 63. Thus, the disturbance of the 
reading process of the bit cells in the ?rst, second, and third 
roWs is small. Therefore, the reading process of the present 
invention has a smaller read disturb than prior art reading 
processes. Further, because the bit lines in NVM device 50 
are separated from the charge trapping sites in the bit cells 
by the select gates in the corresponding bit cells, the 
capacitance values of the parasitic bit line capacitors are 
substantially independent of the charge in the charge trap 
ping sites. In other Words, the data dependence of the 
parasitic bit line capacitance is small in NVM device 50. An 
NVM device, such as NVM device 50, having a small data 
dependence of the bit line capacitance is suitable for high 
performance applications. 
By noW it should be appreciated that an NVM device and 

a method for accessing the NVM device have been provided. 
The NVM device includes an array of split-gate FETs, each 
FET having a control gate overlying a ?rst portion of the 
channel region near the source and a select gate overlying a 
second portion of the channel region near the drain. The 
control gate can be formed as a sideWall spacer adjacent the 
select gate, thereby increasing the silicon area efficiency of 
the NVM device. 
When programming a PET in the NVM device, charge 

carriers of a ?rst polarity, e.g., electrons, are accelerated in 
the portion of the channel region betWeen the select gate and 
the control gate before being injected into charge trapping 
sites located in a dielectric stack underlying the control gate. 
The select gate control the current ?owing in the channel 
region during the programming process. The programming 
process can be optimiZed for time ef?ciency and poWer 
ef?ciency. 
A PET in the NVM device is erased by injecting charge 

carriers of a second polarity e.g., holes, from the channel 
region into the charge trapping sites. Because the charge 
carriers do not travel through a top dielectric layer in the 
dielectric stack during the erasing process, a thick top 
dielectric layer can be used to increase the data retention rate 
of the NVM device. 
When reading data from a PET in the NVM device, a 

reading voltage is applied to the drain adjacent the select 
gate. Therefore, the read disturb of the data and the break 
doWn of the FET are minimiZed, Which further increase the 
data retention and reliability of the NVM device. In addition, 
the data is read from the FET by sensing a current ?oWing 
in a bit line coupled to the drain of the FET, Which is 
separated from the charge trapping sites by a portion of the 
channel region under the select gate. Thus, the data depen 
dence of the bit line capacitance is minimiZed and the NVM 
device is suitable for high performance applications. 
We claim: 
1. A split-gate memory device, comprising: 
a body of semiconductor material having a major surface; 
a source region in the body of semiconductor material; 
a drain region in the body of semiconductor material; 
a channel region in the body of semiconductor material 

separating the source region from the drain region; 
a dielectric layer on the major surface overlying a ?rst 

portion of the channel region adjacent the drain region; 
a dielectric stack on the major surface overlying a second 

portion of the channel region adjacent the source 
region; 
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a ?rst conductive layer over the dielectric layer, the ?rst 
conductive layer having a ?rst sideWall adjacent the 
drain region and a second sideWall opposite to the ?rst 
sideWall; 

a second conductive layer over the dielectric stack, the 
second conductive layer having a ?rst sideWall adjacent 
the source region and a second sideWall opposite to the 
?rst sideWall; 

an insulating layer over the major surface betWeen the 
second sideWall of the ?rst conductive layer and the 
second sideWall of the second conductive layer; and 

a dielectric spacer over the second conductive layer and 
over a portion of the major surface adjacent the ?rst 
sideWall of the second conductive layer, Wherein the 
source region is substantially aligned With the dielectric 
spacer, and the drain region is substantially aligned 
With the ?rst sideWall of the ?rst conductive layer. 

2. The split-gate memory device of claim 1, Wherein the 
dielectric stack includes: 

a bottom dielectric layer on the major surface; 
a nitride layer on the bottom dielectric layer; and 

a top dielectric layer on the nitride layer, the top dielectric 
layer having a thickness betWeen approximately 5 
nanometers (nm) and approximately 15 nm. 

3. The split-gate memory device of claim 1, Wherein the 
?rst conductive layer and the second conductive layer are 
polycrystalline silicon layers. 

4. The split-gate memory device of claim 1, Wherein the 
second conductive layer is a sideWall spacer adjacent the 
second sideWall of the ?rst conductive layer. 

5. The split-gate memory device of claim 1, further 
comprising a silicide structure overlying the ?rst conductive 
layer. 

6. A split-gate memory device, comprising: 
an array of memory cells arranged in a plurality of 

columns and a plurality of roWs on a semiconductor 

substrate having a major surface, each memory cell in 
the array including: 
a source region, a channel region, and a drain region in 

the semiconductor substrate, the channel region 
separating the source region from the drain region; 

a ?rst dielectric layer over the major surface of the 
semiconductor substrate overlying a ?rst portion of 
the channel region adjacent the drain region; 

a second dielectric layer over the major surface of the 
semiconductor substrate overlying a second portion 
of the channel region adjacent the source region; 

a control gate over the second dielectric layer; 
a select gate over the ?rst dielectric layer; and 
an insulating layer betWeen the control gate and the 

select gate; 
a ?rst bit line coupled to the drain region of each memory 

cell in a ?rst column of the plurality of columns in the 
array; 

a second bit line coupled to the drain region of each 
memory cell in a second column of the plurality of 
columns in the array; 
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a ?rst select line coupled to the select gate of each 
memory cell in a ?rst roW of the plurality of roWs in the 
array; 

a second select line coupled to the select gate of each 
memory cell in a second roW of the plurality of roWs in 
the array; 

a ?rst control line coupled to the control gate of each 
memory cell in the ?rst roW; 

a second control line coupled to the control gate of each 
memory cell in the second roW; and 

a ?rst source line coupled to the source region of each 
memory cell in the ?rst roW and the second roW. 

7. The split-gate memory device of claim 6, Wherein the 
second dielectric layer includes: 

a ?rst silicon dioxide layer on the major surface having a 
thickness betWeen approximately 5 nanometers (nm) 
and approximately 15 nm; 

a silicon nitride layer on the ?rst silicon dioxide layer 
having a thickness betWeen approximately 5 nm and 
approximately 15 nm; and 

a second silicon dioxide layer on the silicon nitride layer 
having a thickness betWeen approximately 5 nm and 
approximately 15 nm. 

8. The split-gate memory device of claim 6, Wherein: 
the select gate is a polycrystalline silicon gate; and 
the control gate is a polycrystalline silicon sideWall spacer 

adjacent the select gate. 
9. The split-gate memory device of claim 6, each memory 

cell in the array of memory cells further including: 
a dielectric spacer over the control gate and over a portion 

of the major surface adjacent the control gate, Wherein 
the source region is substantially aligned With the 
dielectric spacer; and 

a silicide structure overlying the select gate. 
10. The split-gate memory device of claim 6, further 

comprising: 
a third select line coupled to the select gate of each 
memory cell in a third roW of the plurality of roWs in 
the array; 

a fourth select line coupled to the select gate of each 
memory cell in a fourth roW of the plurality of roWs in 
the array; 

a third control line coupled to the control gate of each 
memory cell in the third roW; 

a fourth control line coupled to the control gate of each 
memory cell in the fourth roW; and 

a second source line coupled to the source region of each 
memory cell in the third roW and the fourth roW. 

11. The split-gate memory device of claim 10, Wherein the 
?rst control line is coupled to the second control line and 
Wherein the third control line is coupled to the fourth control 
line. 

12. The split-gate memory device of claim 10, Wherein the 
?rst source line is coupled to the second source line. 

* * * * * 


